The period changes of two close binaries, V1107 Cas and AX Cas, which are in the same field, were investigated. Their periods both show a long-term decrease. After further analysis, we found that the periods have their respective cyclic oscillations (T 3 = 6.74 ± 0.24 yr for V1107 Cas and T 3 = 13.8 ± 0.3 yr for AX Cas), which are possibly caused by a third body due to the light-time effect. We also obtained the complete VR c I c light curves for V1107 Cas and analyzed them with the 2010 version of the Wilson-Devinney code. The photometric results reveal that V1107 Cas is a W-type shallow contact (15.2%±1.8%) binary, with a mass-ratio of 1.797 ± 0.006. The period variation and photometric solution suggest that V1107 Cas is a newly formed contact binary system. Moreover, we estimated the fundamental parameters for V1107 Cas. They are: M 1 = 0.39 ± 0.01 M , M 2 = 0.70 ± 0.03 M , R 1 = 0.52 ± 0.10 R , R 2 = 0.68 ± 0.12 R , L 1 = 0.178 ± 0.108 L , and L 2 = 0.196 ± 0.116 L . Then, based on the coplane assumption, we deduced the masses of possible third bodies to be M 3 = 0.091 ± 0.019 M for V1107 Cas and M 3 = 0.325 ± 0.029 M for AX Cas. Finally, we inferred the evolutional stage of AX Cas, and believe that it is a precontact binary. Thus, the precontact binary AX Cas and the shallow contact binary V1107 Cas have adjoining evolutional stages.
Introduction
Mass transfer is a common and very important process for close binaries, which drives the evolution of the systems, and had been used to explain the famous Algol paradox, as well many other interesting astrophysical processes. Understanding the mass transfer that occurs in near contact binaries or in marginal contact binaries is key to understanding how a semi-detached binary evolves into a contact binary (i.e., BL And and GW Tau, Zhu & Qian 2006; AS Ser, Zhu et al. 2008; DD Com, Zhu et al. 2010) . Some such masstransfer processes were affected by third bodies or by magnetic activeties (i.e., ZZ Eri, D. R. Faulkner et al. 2014; 1 GSC 1537 −1557 , AH Tau, and V508 Oph, Xiang et al. 2015a , 2015c . The absolute physical parameters that combine the orbital elements are a great help for digging out evolutional information concerning a close binary, so we monitored the times of the minima for V1107 Cas, and observed its multiple color light curves, while intending to find the evolutional stage of V1107 Cas. During the data processing, we realized that the other close binary, AX Cas, had been observed in the same field, by chance. AX Cas had not been included in our observational schedule because it is not an EW but EB-type binary. However, after having investigated some of the literature (i.e., AK CMi, Samec et al. 1998; V2421 Cyg, Samec et al. 2014 , we became aware that AX Cas may be a precontact binary. It is very interesting that a precontact and a contact binary are in the same field.
Until and after V1107 Cas (GSC 04030−02020) had been found as a W UMa variable (Hoffman et al. 2009 ), there were only 10 papers written about it; none of them as an individual study. From the 2 Micron All-Sky Survey (2MASS) catalogue (R. M. Cutri et al. 2003 ), 2 we found its JHK magnitudes to be J = 11.250 ± 0.023, H = 10.806 ± 0.024, and K = 10.717 ± 0.018. And according to the NOMAD Catalog (N. Zacharias et al. 2005 ), 3 we found its BVR magnitudes to be B = 13.790, V = 13.310, and R = 12.770. The yielded color indexes by these magnitudes were used to estimate the effective temperature of star 1 in our photometric solution. As for the other close binary, AX Cas, it was discovered as early as 1931 by Beljawsky (1931) . We found its JHK magnitudes to be J = 10.991 ± 0.022, H = 10.655 ± 0.019, and K = 10.532 ± 0.016 (R. M. Cutri et al. 2003) , 2 and its BVR magnitudes to be B = 13.010, V = 12. 640, and R = 12.180 (N. Zacharias et al. 2005) . 3 We computed the masses, radii, and absolute thermal magnitudes of its components as M 1 = 2.0 M , M 2 = 0.45 M , R 1 = 2.10 R , R 2 = 1.00 R , M bol1 = 1.35 mag, M bol2 = 4.80 mag (M. A. Svechnikov & Eh. F. Kuznetsova 1990) . 4 However, the color indexes did not agree with the less-massive component. We discuss this in section 5.
New CCD imaging photometry
We obtained complete VR c I c light curves of V1107 Cas on 2013 August 18 and 25, using the 1024 × 1024 PI1024 BFT camera attached to the 85 cm telescope at the Xinglong Station of the National Astronomical Observatories of the Chinese Academy of Sciences. The observational system has a standard Johnson-Cousins-Bessel multicolor CCD photometric system built on the primary focus (Zhou et al. 2009 ), generating an effective field of view equal to 16. 5 × 16. 5. We also obtained several times of minima of V1107 Cas, using the DW436 2048 × 2048 CCD photometric system attached to the 1 m reflecting telescope and the DV436 2048 × 2048 CCD photometric system attached to the 60 cm reflecting telescope at the Yunnan Observatories (YNOs) in China. Both filter systems were the Johnson-Cousins-Bessel system. The effective field of view of the 1 m telescope was 7. 3 × 7. 3, while that of the 60 cm telescope was 12 × 12 at the Cassegrain focus. These times of minima of V1107 Cas are listed in table 1, where "1 m" and "60 cm" refer to the times of minima monitored with the 1 m and 60 cm telescopes at the YNOs, respectively; "85 cm" refers to those monitored with the 85 cm telescope at the Xinglong Station. 2MASS J01233287+6135269 (star 1) and 2MASS J01232239+6131552 (star 2) were used for photometric comparisons. The PHOT/IRAF aperture photometry package was exercised so as to reduce the images, using the standard procedure of flat-fielding, except for dark corrections, because the dark value of the images was very insignificant. The corresponding light curves of V1107 Cas are shown in figure 1, where the phases were calculated with equation (6). On the other hand, the light levels of the curves taken on two nights match very well, suggesting little nightly variation. On the other hand, the magnitude differences between the two comparison stars remained nearly constant, vindicating the assumption that the comparisons are nonvariable. A quadratic polynomial model was used to determine the times of minima for V1107 Cas by the least-squares method. Our new times of minima are listed in table 1. Because the other close binary AX Cas is close to V1107 Cas in visual, it was observed at the same time in most of our frames. Although we did not obtain complete light curves of AX Cas, we obtained some times of minima. They are also listed in table 1.
Photometric solutions of V1107 Cas
Multicolor light curves of V1107 Cas were analyzed with the 2010 Version of the Wilson-Devinney (W-D) code (Wilson & Devinney 1971; Wilson 1979 Wilson , 1990 Wilson , 1994 Wilson , 2008 Van Hamme & Wilson 2007) . The effective temperature of star 1 was estimated from the colors of V1107 Cas mentioned in section 1 using the program of Worthey and Lee (2011) . It should range between 4900 K and 5500 K. In the solution, we took the temperature as 5200 K, and then used the temperature range to limit its uncertainty. We thus have T 1 = 5200 ± 300 K. We then used the q-search method to obtain an initial input value of the mass ratio, q. The details are: we fixed the mass ratio q at a series of values of 0.1, 0.2, 0.3, etc.; we then fitted the light curves with the W-D code for each q value, obtaining a series of corresponding fitting residuals, illustrated in figure 2, and selected the final q value with minimal residuals. The mass ratio should thus be between 1.6 and 3.2. While obtaining the solution, the bolometric albedo A 1 = A 2 = 0.5 (Rucinski 1969) and the values of the gravity-darkening coefficient g 1 = g 2 = 0.32 (Lucy 1967) were used, which correspond to the common convective envelope of both components. According to Claret and Gimenez (1990) , the square-root limb-darkening coefficients were used. We adjusted the mass ratio, q; the mean temperature of star 2, T 2 ; the monochromatic luminosity of star 1 and the dimensionless 
potential of star 1. We started the differential corrections (DC) program at model 2. After thousands of iterations, it converged to model 3 ( 1 = 2 , mode 3 for contact configuration). The photometric solution is listed in table 2 and the theoretical light curves computed with those photometric elements are plotted in figure 3. We also ran the program with l 3 light, because the period investigation of V1107 Cas, described in next section, implied that it has a third companion. The outcomes (table 2) showed that the third companion has no more than a 0.16% luminosity contribution to the whole system. Its details are given in section 5. According to the photometric solution, we concluded that V1107 Cas is a moderate mass-ratio (1.797 ± 0.006), shallow contact (15.2%±1.8%) binary, where "shallow" is defined when the contact degree is less than 20%. We assumed that primary component of V1107 Cas is a normal main-sequence star. Accordingly, we found its temperature to be T = 4657 ± 306 K, and estimated its mass at M = 0.70 ± 0.03. We then estimated the physical parameters of each component by using of the light-curve (LC) program, W-D code (Wilson & Devinney 1971; Wilson 1979 Wilson , 1990 Wilson , 1994 Wilson , 2008 Van Hamme & Wilson 2007) . The results are M 1 = 0.39 ± 0.01 M , M 2 = 0.70 ± 0.03 M , R 1 = 0.52 ± 0.10 R , R 2 = 0.68 ± 0.12 R , L 1 = 0.178 ± 0.108 L , and L 2 = 0.196 ± 0.116 L . The estimated uncertainties of the absolute parameters mainly result from the uncertainties of the temperatures of the components. (2)
The resultant (O − C) and (O − C) 1 diagrams are also shown in figures 4 and 5, as the solid line represents. That The period decrease should be due to mass transfer from the more-massive component to the less-massive one. If this mass transfer is conservative, we can estimate the masstransfer rate by using a well-known equation (Tout & Hall 1991) , with the absolute parameters derived by the present paper. The formula iṡ
so the mass-transfer rate is estimated to be, dM 2 /dt = −1.61(±0.63) × 10 −7 M yr −1 . The negative sign implies that the more-massive component is losing matter. The time-scale of mass transfer is τ ∼ M 2 / |Ṁ 2 | ∼ 4.3(±1.7) × 10 6 yr, which is far greater than the thermal time scale (t th = 2 × 10 7 M 2 R −1 L −1 yr, where M, R, and L are all in solar units) of the more-massive component [t th = 7.4(±4.6) × 10 7 yr]. The mass-transfer rate is so great that the less-massive component accepting the matter cannot redistribute it in time, so that the temperature of the less-massive component rises. That is why the temperature difference between the two components is as high as 543 K. As shown in figures 4 and 5, both the primary and the secondary times of light minimum light follow the same general trend of an (O − C) variation, indicating that the (O − C) oscillation cannot be explained as apsidal motion. Because V1107 Cas contains later-type components, its alternate period change can be interpreted in term of the mechanism of magnetic activity (e.g., Applegate 1992; Lanza et al. 1998 ). However, according exhaustive statistical work, Liao and Qian (2010) pointed out that the 
(where a 12 sin i = A 3 × c and c is the speed of light), the mass function for the assumed tertiary component is computed. The following equation is then used
By taking into account the physical parameters, we obtained (section 3) the masses and the orbital radii of the third companion by computation. The values for several different orbital inclinations (i ) are given in table 4. As shown in this table, the assumed tertiary component is invisible unless the orbital inclination, i , is very small (i < 10 • ). If the tertiary companion is coplanar to the eclipsing pair (i.e., with the same inclination as the eclipsing binary), its mass should be m 3 = 0.097 ± 0.019M , which is too small to be detected.
AX Cas
AX Cas has been monitored for a long time since 1937. We collected all of 60 times of minimum light, consisting of 14 visual and photographic data and 46 photoelectric and CCD ones (table 5) . Because the visual and photographic data showed a very large scatter, we only used the 46 CCD data points to correct the period with the ephemeris, 2456220.22457 + 0. d 600367560 × E, where T 0 is one of our minimum value, and P 0 was obtained from Alfonso-Garzón et al. 
By using the quadratic term in this equation, a possible secular period increase rate is determined as being dP/dt = −6.646(±0.009) × 10 −8 d yr −1 . However, we found that the residuals of the (O − C) still showed a cyclic variation. Hence, we calculated the (O − C) 1 values for all 60 data first using equation (7), then performing an eccentric orbit fitting to simulate the photoelectric and CCD (O − C) 1 
The corresponding (O − C) 1 curve is shown in figure 7 , where the symbols are the same as those in figure 6 . The corresponding residuals are plotted in figure 8 . With the aid of the following relations (Kopal 1978) :
A 3 = a 2 1 + b 2 1 , 
w = arctan (b 2 1 − a 2 1 )b 2 + 2a 1 b 1 a 2 (a 2 1 − b 2 1 )a 2 + 2a 1 b 1 b 2 ,
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